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INTRODUCTION
Torque is the rotational effect of force generated by a single muscle or group of muscles in relation to the considered joint. 1 Because the term force is basically a linear entity, in this study when referring to muscle strength, the term torque was conventionally used. The term strength refers to the tension that a muscle or group of muscles exerts against a determined resistance. 2 The unbalanced condition of strength and the hypotrophy of the flexor and extensor muscles of the knee joint are muscle malfunctioncausing factors that alter joint stability, predisposing athletes to injury. [3] [4] [5] The muscular torque of the quadriceps and hamstrings, as well as their torque ratio (H/Q), is usually evaluated by the isokinetic test. 6 The H/Q ratio is used both clinically and in the laboratory as an indicator of the strength balance between the knee joint muscles. 7 The H/Q ratio is conventionally calculated by dividing the maximum values of the flexion by the maximum values of the extension of the knee joint in angled speed and determined contraction modes.
The anterior cruciate ligament (ACL) is the primary ligament that limits the anterior translation of the tibia in relation to the femur. Subjects with ACL injury demonstrate laxity, an increase in tibia translation, and knee instability. 11 In ACL-injured athletes, the H/Q ratio (r = 0.63) correlated significantly (P < 0.001) with the functional capacity of the ACL of injured knees. 12 The measurement of ACL laxity is clinically important from the point of view of preventive diagnosis of knee injury as well as for comparison of pre-and postsurgical reconstruction and/or conservative treatment. Generalized articular laxity can also be a risk factor for a number of skeletal muscle injuries. 13 Well-known clinical tests like the Lachman test, the anterior drawer test, and pivot shift are used to determine injury and laxity of the ACL. Of these, the Lachman test is often considered the most sensitive and reliable, 14 and it produces similar results to those of the radiological Lachman test. 11 However, due to its subjectivity, the results may vary among the examiners. Despite the technological advances in knee injury diagnosis, careful evaluation of the patient history and complete physical examination continue to be the fundamental basis of knee injury evaluation. Thus, the adequately performed Lachman test is the simplest and most accessible test in the administration of physiotherapy for the evaluation of nonprofessional athletes. It has been shown that ligament laxity increases the risk for injuries in professional rugby 15 and soccer athletes, 16, 17 though little is known about endurance runners and amateur athletes. The objective of this research was to evaluate the ACL laxity of endurance runners and to investigate the H/Q ratio after isokinetic strength test in athletes with and without ACL laxity. Our hypothesis was that endurance-running athletes with ACL laxity have torque alterations in the knee joint muscles.
METHODS

Sample
Endurance-running athletes (5000 meters and over) were invited to participate in the study so long as they fitted the following criteria: a) male adult age 20 and above; b) over 2 years of coach-supervised sport practice; c) practicing more than 5 days a week; d) national and international competition participation; e) absence of functional limitation in both knees; f) absence of ACL injury in one or both knees; and g) not having performed thigh muscle strengthening exercises in the last 6 months. From the 52 athletes who positively answered the invitation, 28 were eligible for the study. The sample characteristics were the following: age, 33.4 ± 8.9 years; height, 171.9 ± 7.3 cm; weight, 65.6 ± 7.3 kg; body fat percentage, 8.5 ± 4.2%; and maximum oxygen consumption (VO 2 max), 61.2 ± 4.7 mL/kg/min. The athletes had been training for 9.5 ± 8.1 years, 6.8 ± 0.5 days a week, and 1.3 ± 0.4 sessions a day. They ran 14.6 ± 4.9 km/day, 91.6 ± 32.7 km/week.
After being fully informed about the procedures of the study, those who wished to participate signed the adequate informed consent form.
The research was approved by the ethics committees of the involved institutions.
After the knee exams, the athletes were divided into 2 groups: G1, ACL laxity-free athletes; and G2, athletes who had ACL laxity in at least 1 of their knees.
Anthropometric and fitness measures
The athletes were instructed not to exhaustively train on the day before the evaluations. All had to attend each evaluation fed, hydrated, and suitably dressed. The anthropometric measures were acquired according to the described protocol. 18, 19 Summarizing, height was measured by using a stadiometer, and total body weight was measured on a digital Fillizola scale. A Harpenden skinfold caliper model was used for the 7 skinfold measurements (7DC) as follows: triceps (TR), subscapular (SE), thoracic (TO), axillar (AX), iliac (SI), abdominal (AB), thigh (TH), and calf (CA). Every subcutaneous fold was measured 3 times, and the median was used for the calculations. The body fat percentage (%G ) was estimated using the Siri equation ( 
Knee Evaluation
The specific Lachman and anterior drawer tests were performed to evaluate right and left knee ligament laxity. 14, 21, 22 The Lachman test 14, 22 was performed having the patient in a supine position with a 30º knee contraction. A cylindrical cushion was put under the fossa poplitea so that the hamstring muscles could be relaxed. One of the examiner's hands was placed on the distal lateral aspect of the femur, while the other hand was placed on the proximal medial aspect of the tibia. The hand that was placed on the distal femur was used to stabilize it, and the hand placed on the tibia was used to perform an anterior tibia translation movement. The laxity-free ACL knee must be firm at the end of the execution of the strength movement, ie, no translation must be detected. The knee that demonstrates ACL laxity shows a tibia translation in relation to the femur. This translation movement is perceived by feeling a smooth motion at the end of the whole process.
The anterior drawer test 22 was performed having the patient in the supine position with a 45º hip flexion, a 90º knee flexion, and both feet on the table. The integrity of 3 ACL bundles was tested. In every phase of the test, the patient's feet were positioned in 3 distinct positions: neutral, inversion, and eversion. The examiner positioned the patient's foot, and his hands were put around the patient's knee, having his thumbs on the medium lateral articular lines. Then the anterior tibia traction was performed. The test was considered to be positive when an anterior translation of the tibia was perceived, indicating ACL laxity. All tests were performed by the same examiner.
Articular hypermobility evaluation
The articular hypermobility was evaluated only in the G2 athletes according to the method developed by Cartes and Wilkinson (1964), which was modified by Beighton and Horan (1969). 13, 23 The following tests were performed on both sides: passive hyperextension of the little finger > 90º, passive apposition of the thumb to the flexor aspect of the forearm, hyperextension of the elbow > 10º, hyperextension of the knee > 10º, and anterior trunk flexion with both knees extended in a way that the palms of both hands touched the floor. The number of positive occurrences was converted into a score with a 9 to 0 range. Scores were classified as follows: 0 through 2, normal physiological findings; 3 or 4, a little articular hypermobility; 5 through 9, severe articular hypermobility.
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Isokinetic evaluation
The isokinetic torque of the hamstrings and quadriceps was determined bilaterally at a speed of 60º/s by using a Cybex isokinetic dynamometer (model 770). The concentric flexion extension knee protocol was also used. 4 The athletes performed a 5-minute warm up on a cycloergometer (model Kikos JPC 5100) with no load and at a 50 rpm rhythm. After that, the athletes performed stretching exercises for the flexor and extensor muscles of both knees. The knee evaluation order was random. The test was performed having the subjects seated, fastened around their thorax, waist, and thigh, and their hands were laid on the arms of the armchair. The athletes were positioned in a 90º hip flexion. The knee joint articulation axis was aligned to the dynamometer mechanic arm lever axis. The length of the dynamometer arm, which was fastened to the distal portion of the tibia by a Velcro strap, was adapted according to the length of the leg of the athlete. The gravity force was corrected by the intrinsic device of the dynamometer. The participants were properly instructed about the test that was performed in 2 stages: first, 3 submaximum repetitions so that the subjects could get acquainted with the equipment; second, 3 maximum repetitions to determine the peak torque (Nm). The display of the equipment was placed in a such a way as to allowe the athletes to see it, and verbal encouragement was given during the test performance. The equipment was calibrated regularly every 4 tests and operated by the same evaluator. The evaluated parameters were peak torques (PT in Nm) of the flexor and extensor muscles of the knee joint and the torque H/Q ratio. All of the values obtained correspond to concentric contraction.
Statistical analysis
The results are shown as mean ± standard deviation (SD). The athletes' anthropometric, fitness, torque, and the H/Q ratio values were analyzed by the Student t test. The comparison between the right and left knees was made by the paired t test. The level of significance was 0.05.
RESULTS
Out of the 28 evaluated athletes, 19 did not exhibit ACL laxity (G1) while 9 did (G2). The anthropometric and physical aptitude characteristics from both groups are summarized in Table 1 . The age, weight, body fat percentage (%G), lean mass, VO 2 max, average competition speed, years of training, weekly practice frequency, and daily running distance did not differ in G1 and G2. Only the height values from the G2 athletes were significantly higher than those from the G1 athletes (P = 0.003).
Among the 9 athletes with ACL laxity, only 1 scored 4 in the Beighton scale, indicating little articular hypermobility. Table 2 shows the results for the isokinetic strength test.
Among the 9 athletes with ACL laxity, 5 exhibited laxity in only 1 knee and 4 in both. By evaluating the G2 athletes, we observed that the knee flexion and extension isokinetic peak torque values did not differ statistically from the values obtained in the ACL free knees. No significantly different values were identified in the H/Q ratio between the right and left knees of the G2 athletes. No significant differences were found regarding flexion and extension isokinetic peak torque of the knees in the comparisons drawn between G1 and G2. No significant differences in the H/Q ratio values between the groups were identified.
DISCUSSION
The isokinetic test provides quantitative information regarding flexion and extension torque of the knees. It has been recently used to analyze the evolution of total knee arthroplasty of elderly patients. 24 The H/Q ratio shows the equilibrium condition among the forces which act on the knee. There is evidence that a H/Q ratio below 60% is related to ACL injury. [25] [26] [27] However, a small number of studies have focused on the H/Q ratio in running athletes relative to ACL laxity. 4, 27 In the present study, no significant differences were found between the peak torque of the flexors and extensor of the knees or the H/Q ratio between the 2 groups of athletes. The H/Q ratio values of the long distance runners in this study were slightly below the recommended values. 25, 26 Available published information shows relatively lower H/Q ratio data compared to the ones obtained from our long distance runners. The endurance-running athletes in a study performed by Comeau et al 27 displayed a 50% H/Q ratio in the right knee and 55% in the left knee. Siqueira et al 4 found H/Q ratio values of fast runners to be between 56% and 57%, respectively. Rosene et al 28 found much lower H/ Q ratios in soccer (52.5% and 47.2%), softball (46.6% and 46.6%), volleyball (50.8% and 52.4%), and basketball players (55.0% and 51.2%). The studies mentioned above did not evaluate the influence of ACL laxity in the H/Q ratio. Ergun et al 29 evaluated soccer players and did not find any relation between ACL laxity and the H/Q ratio. These findings combined with ours suggest that the imbalance of the flexor and extensor forces of the knee (H/Q ratio) is not affected whether in the presence of ACL laxity or not. Nevertheless, it does not mean that the risk of ACL injury is not increased in the athletes displaying ligament laxity. 10 In conclusion, anterior cruciate ligament laxity, evaluated by the Lachman and anterior drawer tests, did not negatively influence the peak torque of the flexor and extensor muscles or the H/Q ratio of the endurance-running athletes. From our data, we reject the hypothesis that ACL laxity negatively affects peak torque and the H/Q ratio of knees in long distance-running athletes. Further, we suggest other studies to evaluate whether there is a higher risk of ACL injury in athletes with ACL laxity.
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